The massive star-forming core MM1 of W75N was observed using the Submillimeter Array with ∼1 and 2 spatial resolutions at 217 and 347 GHz, respectively. From the 217 GHz continuum we found that the MM1 core consists of two sources, separated by about 1 : MM1a (∼0.6 M ) and MM1b (∼1.4 M ), located near the radio continuum sources VLA 2/VLA 3 and VLA 1, respectively. Within MM1b, two gas clumps were found to be expanding away from VLA 1 at about ±3 km s −1 , as a result of the most recent star formation activity in the region. Observed molecular lines show emission peaks at two positions, MM1a and MM1b: sulfur-bearing species have emission peaks toward MM1a, but methanol and saturated species at MM1b. We identified hightemperature (∼200 K) gas toward MM1a and the hot core in MM1b. This segregation may result from the evolution of the massive star-forming core. In the very early phase of star formation, the hot core is seen through the evaporation of dust ice-mantle species. As the mantle species are consumed via evaporation the high-temperature gas species (such as the sulfur-bearing molecules) become bright. The SiO molecule is unique in having an emission peak exactly at the VLA 2 position, probably tracing a shock powered by VLA 2. The observed sulfurbearing species show similar abundances both in MM1a and MM1b, whereas the methanol and saturated species show significant abundance enhancement toward MM1b, by about an order of magnitude, compared to MM1a.
INTRODUCTION
Massive star formation has various outstanding problems which present great challenges to both observational and theoretical studies (e.g., Zinnecker & Yorke 2007 , and references therein). Among the major problems is the clustering nature of young massive stars as they are formed. Recent technological progress in bolometer arrays and (sub-)millimeter interferometers, however, has allowed high sensitivity and high spatial resolution observations which can be used to study the details of deeply embedded, complicated, and crowded massive starforming cores. While it is found that massive protostellar objects are commonly characterized by strong dust continuum emission, various kinds of maser spots, and rich molecular spectral emissions, individual dense cores may exhibit distinct chemical behaviors associated with different molecular species, attributable to their different physical and/or chemical environments (e.g., Comito et al. 2005; White et al. 2003; Schilke et al. 1997) .
The molecular complex in the Cygnus-X region is massive (4 × 10 6 M ), extends over ∼100 pc in diameter, and is associated with several OB associations, including one of the largest in our Galaxy (Cyg OB2). This complex is part of the local spiral arm, located at about 1.7 kpc from the Sun (e.g., Schneider et al. 2006) , and has a rich collection of H ii regions, indicating recent high-mass star formation. W75N is one of several well-known massive star-forming regions in Cygnus-X, containing ionized regions W75N(A), W75N(B), and W75N(C) (Haschick et al. 1981) , and infrared sources IRS1, IRS2, and IRS3 (Persi et al. 2006 ) within a roughly 30 radius. MM1 is the brightest millimeter continuum core associated with W75N(B), where several ultracompact (UC) H ii regions, outflowing gas, and various maser sources have been found (Hunter et al. 1994 ; Torrelles et al. 1997; Shepherd et al. 2003) . Among these UC H ii regions, VLA 1 (Ba), VLA 2, and VLA 3 (Bb) appear to drive high-velocity molecular gas outflows (Shepherd et al. 2004) . Rich clusters of OH, H 2 O, and CH 3 OH masers have been found, especially in association with VLA 1 and VLA 2 (e.g., Fish et al. 2005; Hutawarakorn et al. 2002; Torrelles et al. 1997 Torrelles et al. , 2003 Minier et al. 2001; Surcis et al. 2009 ). VLA 3, associated with a single H 2 O maser and compact millimeter continuum emission (Shepherd 2001) , contains a radio jet and SiO (1-0) emission, probably tracing the inner part of a molecular outflow (Carrasco-González et al. 2010) . Another UC H ii region, Bc, is known to be more evolved than the other three UC H ii regions (Shepherd et al. 2004 ), but it was recently suggested to be a radio Herbig-Haro object, powered by the VLA 3 jet source (Carrasco-González et al. 2010) .
We have carried out multiline observations toward the massive star-forming core W75N with the Submillimeter Array (SMA) at spatial resolutions of about 1 and 2 at 217 and 347 GHz, respectively. In this paper, we focus our analysis on the compact millimeter core MM1 of W75N(B), and present SMA observations in Section 2, results in Section 3, and discussion of the structure and chemical properties of the MM 1 core in Section 4, followed by a summary in Section 5.
OBSERVATIONS AND DATA REDUCTION
The observations were carried out with the SMA 6 (Ho et al. 2004) (Scoville et al. 1993) , and imaging as well as analysis was made with the MIRIAD package (Sault et al. 1995) .
RESULTS

Continuum Emission
In our 217 GHz continuum images at 1 spatial resolution, we can distinguish two separate emission peaks within the MM1 core, labeled MM1a and MM1b (Figure 1 ). Their positions and parameters are listed in Table 2 . MM1a is unresolved in the 217 GHz beam and its position roughly coincides with the previously known positions of MM1 and VLA 3. MM1b shows extended emission at an offset (−0. 9, 1. 2) from MM1a and (−0. 6, 0. 1) from VLA 1, which is identified as the position of a hot core (Section 4.1). Since the 2 spatial resolution at 347 GHz is insufficient to distinguish the two sources, we use the 217 GHz continuum emission to compare with observed molecular emissions and for further analysis. Other compact continuum cores, MM2 and MM3, are also shown in Figure 1 , which have been identified in 1 and 3 mm observations (Shepherd 2001) . We found no significant molecular emissions toward these cores and focus on MM1 for further analysis.
Millimeter continuum emission mainly traces warm dust heated by the embedded young stellar objects (YSOs). In the MM1 core, the contribution from the free-free emission seems to be negligible ( a few percent, based on Shepherd 2001; Shepherd et al. 2004) . Observed continuum emission at the 217 and 347 GHz band (after convolved to the 347 GHz beam size) shows a spectral index (α) of about 1.1 and 2.1 for the MM1a and MM1b, respectively, suggesting thermal emission from dust grains. From the observed 217 GHz emission, we derived the total mass and gas density of the cores using the dust emission (Hildebrand 1983) , assuming a constant gas-to-dust mass ratio. Assuming that the continuum emission is optically thin and arises from spherical dust grains of radius a, density ρ d , and emissivity Q ν , the total dust mass, M dust , can be estimated from the observed continuum flux density, F ν , by
where D is the distance to the source and B ν (T d ) is the blackbody radiation for a dust temperature T d at frequency ν. The total gas mass of the core can then be calculated by
where
and R is the gas-todust mass ratio. We assumed the "canonical" value of R = 100 although some variations may occur depending on the environment (cf. Vallée & Fiege 2006) . We used the dust emissivity given by Knapp et al. (1993) ,
where the emissivity spectral index β is known to vary depending on the sources from 1 to 3 (e.g., Beuther et al. 2002) . We applied β = 1, as suggested by Knapp et al. (1993) from the James Clerk Maxwell telescope results for wavelengths longer than 50 μm (Vallée & Fiege 2006) . Using β = 2 (Drain model; cf. Drain & Lee 1984 ) results in about a 13% increase in the derived mass compared to the β = 1 case. The dust temperature, T d , was estimated from the observed molecular line excitation temperatures (Section 3.2), assuming the gas and dust are thermally coupled. We assumed T d = 200 K for both MM1a and MM1b, and applied a ±50% error for the dust temperature. Rotational temperatures of the observed species are in general within this temperature range (e.g., Figure 11 ). We derived total H 2 column densities of about 1 × 10 24 cm −2 toward MM1a and about 1 × 10 23 cm −2 toward MM1b. The derived parameters of the continuum cores are listed in Table 2 .
Molecular Line Emissions
In the observed frequency coverage of the 8 GHz band, a few tens of molecular emission lines were identified and are highly concentrated toward either MM1a or MM1b. Therefore, we have grouped the identified molecules roughly into two groups, depending on their emission peak positions. The first group has emission peaks near the MM1a position, mostly between VLA 2 and VLA 3, and includes H 2 S, SO, SO 2 , HC 3 N, NH 2 CHO, HCOOH, and SiO. The second group peaks toward MM1b near VLA 1 and contains 34 CS, H 2 CO, H 2 CS, CH 3 OH, HCOOCH 3 , and CH 3 CH 2 OH. These differences are attributed to differences in their physical/chemical conditions. The properties of these molecular emissions will be summarized separately in the following sections. We note that SiO is the only species showing an emission peak exactly at the position of VLA 2. Sources identified in association with MM1 are shown in Figure 2 . No maser sources appear to be associated with MM1a, except for one H 2 O maser source near VLA 3. One group of H 2 O masers appear to be tightly concentrated near VLA 2 in a circular shape where the SiO emission peaks. Some OH masers may be excited by VLA 2, but most of them are associated with MM1b.
Aside from the molecules mentioned above we have also detected a few other molecular lines which show extended features much further from MM1, such as C 17 O 3-2 and H 13 CO + 4-3. These emissions, which appear to be relatively deficient toward the MM1 core and show very different morphologies compared to those of the molecules found toward MM1, will be presented in a separate paper (Y. C. Minh et al. 2011, in preparation) . In this paper, we focus on the chemical properties of the MM1 cores, associated with several UC H ii regions, using various molecular lines observed in this region.
Molecules of MM1a
For our analysis we have selected spectral lines which are not overlapped or confused with other lines, and we summarize the two groups mentioned above, separately. In Table 3 , we list the observed transitions which show emission peaks near MM1a, mostly between VLA 2 and VLA 3. In particular, sulfur-bearing molecules, such as H 2 S, SO, and SO 2 , show emission peaks toward MM1a. Figure 3 shows the observed SO 2 22 2,20 -22 1,21 line as a representative feature of the MM1a species. Most of the lines in Table 3 have singly peaked line profiles at a center velocity of about 10 km s −1 . However, there seems to be turbulent gas, indicated by large line widths of Δv ≈ 6 km s −1 , in the observed lines in this region, larger by a factor of 2-3 than the general quiet and dense warm gas found in the galactic plane. As shown in the inset spectrum of Figure 3 , some line profiles contain different velocity components in the redshifted and blueshifted wings of the line (e.g., ∼5 km s −1 component of the SO 2 22 2,20 -22 1,21 line). However, they are much weaker in intensity compared to the main component of ∼10 km s −1 and show a similar distribution to the main component. We found no apparent velocity gradient along the emission distributions listed in Table 3 . The rotation temperatures of some species observed in multiple lines have been estimated to be about 200 K from their rotational diagrams.
The two ground vibrational state lines of HC 3 N, the 24-23 and the 25-24 transitions, show an extended feature toward the northwest direction where MM1b is located, as shown in Figure 4 for the 24-23 transition. We derive rotational temperatures of about 240 K and 100 K for MM1a and MM1b, respectively. No apparent velocity gradient was found over the extended emission.
SiO
Two transitions of SiO, the 5-4 and the 8-7 lines, were detected. Unlike other species, both transitions of the SiO emissions are highly concentrated toward VLA 2 as shown in Figure 5 for the 5-4 transition. The SiO 5-4 line (inset in Figure 5 ) consists of two (or more) different velocity components. We fit two Gaussians to the v ≈ 6 and 12 km s −1 components (Table 3) . On the other hand, the 8-7 transition line (upper spectrum of the inset figure in Figure 5 ) does not show clear multiple components in velocity, probably because of the larger beam size (by about a factor of 2) and the higher energy level (E 8 ≈ 75 K) than those of the 5-4 line (E 5 ≈ 31 K). Figure 6 shows the position-velocity map of the 5-4 line along the north-south direction. The ∼6 and ∼12 km s −1 components are clearly separated in the spectrum and look symmetric around v = 9 km s −1 . No velocity gradient was found over the emission. H 2 O masers have been found to be circularly located around VLA 2 (Torrelles et al. 1997 (Torrelles et al. , 2003 , and the velocity range of the H 2 O masers roughly coincides with the velocity components of our SiO result. The SiO 2-1 line observed by Shepherd et al. (2004) (∼3 and 5 resolutions) is more extended than our results.
Molecules of MM1b
Emission from C 34 S, H 2 CS, H 2 CO, and saturated molecules peaks around MM1b, near VLA 1. Table 4 lists the derived parameters of these lines. In general, CS is known to be a good tracer for dense cores. Although the observed spatial resolution (∼2 ) is limited, the integrated intensity map of the C 34 S 7-6 line in Figure 7 shows a concentration toward MM1b. Figure 7 also includes the spectrum taken toward the peak position. The Gaussian fit for the spectrum (Figure 7) gives a central velocity of about 9 km s −1 . The blueshifted and redshifted line wing components show emission peaks near MM1b and VLA 2, respectively, similar to the positional difference of the v = 6 and 11 km s −1 components of H 2 CO (see below). Two transitions, 10 1,10 -9 1,9 and 10 1,9 -9 1,8 , of the H 2 CS emissions are also observed at 2 spatial resolution. The general emission properties are very similar to the C 34 S results (except for the peak velocity of the line at ∼6 km s −1 ) compared to ∼9 km s
for the C 34 S 7-6 line. Observed spectra of the H 2 CO 3 0,3 -2 0,2 and 3 2,2 -2 2,1 lines, obtained at an offset of (0. 24, −0. 20) from VLA 1, are inset in Figure 8 . The 3 0,3 -2 0,2 line clearly shows two velocity components at v ≈ 6 and 11 km s −1 , probably together with a broad plateau component. On the other hand, the 3 2,2 -2 2,1 line, which is a higher energy level transition (E u ≈ 68 K from the ground state) than the 3 0,3 -2 0,2 line (E u ≈ 21 K), does not show clear velocity separation, which may result from the different excitations of the two lines. The integrated intensity map for the two different velocity components of the 3 0,3 -2 0,2 line is shown in Figure 8 . The 6 km s −1 component is located to the northwest of VLA 1, and some of the OH masers are located at the center of this clump. On the other hand, the 11 km s −1 component is concentrated near VLA 2 and covers a larger area than the 6 km s −1 component. Figure 9 shows the position-velocity (p-v) map of the H 2 CO 3 0,3 -2 0,2 line, taken along the north-south and the west-east directions at the peak position, which shows a clear separation of these two components. We found a velocity difference of about 5 km s −1 between the eastern clump of 11 km s −1 and the western clump of 6 km s −1 across the two sides of VLA 2, corresponding to a velocity gradient of about 1 km s −1 arcsec −1 , from the west to the east of the 11 km s −1 component. Methanol and the other saturated species in Table 4 show emission peaks toward MM1b and have similar emission characteristics. Observed methanol lines of both v t = 0 and 1, in general, show simple, single-peak line profiles with a center Notes. a Offset of the emission peak position from MM1b. b Gaussian fit values of the spectrum at the peak position.
velocity of ∼9 km s −1 with relatively large line widths, but some lines seem to show plateau emission (Figure 10 ). The spatial distribution of the emission from these lines is also relatively simple and peaks near MM1b, as shown in Figure 10 . No apparent velocity gradient has been found across the emission region. The integrated intensity map of the CH 3 OH 5 1,4 -4 2,2 E line peaks roughly toward MM1b (Figure 10) , where the hot core exists (see Section 4.1). Figure 11 shows the rotational diagram for the methanol lines listed in Table 4 at the MM1b position. This diagram shows that there exist at least two different temperature components in this region, one at about 300 K and another at about 50 K. The 300 K component may be the region of the hot core, directly heated by the embedded YSO, while the 50 K component could be the dense ambient gas around the 300 K component.
DISCUSSION
Cloud Structure of the MM1 Core
We found two millimeter cores, MM1a and MM1b, separated by about 1 within MM1, showing different chemical properties.
In Figure 12 , we show a schematic diagram of the MM1 core structure, which accounts for the observed results described in Section 3. Emissions from sulfur-bearing species peak toward MM1a, suggesting a close relationship with the high temperature (∼200 K) gas in the region. After sulfur is released from grain mantles as H 2 S or any other form including atomic sulfur, it is quickly converted to SO or SO 2 . The increase in abundances of these species is affected by both grain ice evaporation and shock interaction (Charnley 1997; van der Tak 2003) . Compared to MM1b, where ice evaporation stands out, the MM1a region seems to be more affected by shock interaction, probably associated with VLA 2 and/or VLA 3, taking the location into consideration, and the sulfur-bearing species are mainly formed via hot gas-phase chemistry in the MM1a region.
We found that a hot core exists toward MM1b, as traced by methanol emissions (Section 3.2.3). Hot molecular cores (T ≈ 100-300 K, n H 2 ≈ 10 7 cm −3 ) have been found to be common in the vicinity of newly formed massive stars (e.g., Charnley 1997, and references therein). Hot cores exhibit molecular abundances markedly different from those of cold interstellar clouds, as a result of the evaporation of ice mantles after heating by the YSOs. One of the major signposts of a hot core is the rich emission from methanol, which has been found to be one of the major oxygen-bearing species in the ice dust mantles, with abundances of about 10%-30% (van Dishoeck 2004) . The hot core appears to be located at MM1b, which is associated with a thermal jet and aligned H 2 O masers (Torrelles et al. 1997) . The chemical difference between MM1a and MM1b may result from the evolution of the massive star-forming core. The hot core, which is characterized by the evaporation of dust ice-mantle species, appears in the very early phase of star formation. After consuming the ice mantle component of dust grains via evaporation, the high-temperature gas species, such as the sulfur-bearing molecules, may become bright.
We think that VLA 1 is the heating source of the hot core. These features may suggest that the region associated with VLA 1 is the site of the "recent" star formation. We found the two velocity components at 6 and 11 km s −1 in the H 2 CO emission, associated with MM1b, as shown in Figure 8 . It is not clear what caused the velocity difference between these two clumps, which could result from either expansion/contraction or the rotational motions of the clumps. From the fact that the observed features associated with VLA 1 appear to be separated along the region where these two different velocity components may be in contact, we suggest that the 6 km s −1 (blue) component and the 11 km s −1 (red) component are moving away from each other as a result of the most recent star formation in VLA 1, which may also be the heating source of the hot core at MM1b.
SiO is known to be an apparent tracer of shocked gas since it is mainly formed in regions where the shocked gas cools. SiO can be formed in the gas phase through the reaction between the Si and OH (or O 2 ) (Hartquist et al. 1980; Pineau des Forêts & Flower 1996) , or by direct evaporation from dust grains through Table 4 . Squares are for the E-type and diamonds for A-type transitions. Error bars are for 3σ rms. In the fitting for the T rot = 290 K case, the point at (657.4, 32), which is for the 7 −3,4 -6 −3,3 E v t = 1 line, is not included.
either sputtering, or collisions between dust grains (T. Hasegawa 2010, private communication). The observed SiO emission and the distribution of H 2 O masers in VLA 2 (Torrelles et al. 1997 (Torrelles et al. , 2003 seem to be tracing a spherical shock. From the velocity comparison, we suggest that the shocked gas near VLA 2, traced by SiO, is part of the 6 km s −1 and 11 km s −1 cloud components, driven by the star formation activity near VLA 1.
The MM1 core of W75N shows an exciting example of a complicated massive star cluster in the forming. Several early phases of massive star formation exist in the same core before events disrupt the surrounding environment. This seems to be happening over a relatively short period since massive stars are thought to spend less than 10% of their lifetime, embedded in their natal molecular clouds (van der Tak 2003). 
Abundance of Observed Molecules
In Table 5 , we list the abundances of the observed molecules at two positions, MM1a and MM1b, assuming optically thin emission and LTE, which would give lower limits of abundances. Rotational temperatures were either estimated from the rotational diagrams or simply assumed (the ones in the brackets) by applying ±50% uncertainty. Errors in the calculated abundances include uncertainties from both the observed rms (1σ ) and the applied rotational temperature ranges. We also calculated fractional abundances, using the total H 2 column density derived from the 217 GHz continuum (Table 2) .
Compared to MM1b, MM1a shows brighter emission in the sulfur-bearing species, H 2 S, SO, and SO 2 . However, the fractional abundances of these molecules, relative to the total H 2 column density, appear to be similar in these two regions (Table 5 ). This suggests that sulfur-bearing species are affected by shocks as models suggest (e.g., Charnley 1997) and form efficiently in both hot cores and high-temperature gas. The abundances of these sulfur-bearing species show similar values to those of Orion KL (Comito et al. 2005; White et al. 2003) and Sgr B2(M) (Nummerlin et al. 2000; Minh et al. 1991) . This suggests that sulfur-bearing species share similar characteristics between star-forming regions. The saturated heavy molecules and methanol show peak emission toward MM1b, where a hot core exists. Fractional abundances of these species show, in general, enhancement at MM1b, compared to MM1a. In particular, we detected a few tens of transitions from methanol, which is one of the major constituents of dust ice and a representative molecule of hot cores. The rotation diagram analysis suggests the presence of both hot (∼300 K) and warm (∼50 K) components in MM1. Compared to the warm methanol which may exist in the envelope around the hot core, the hot methanol is more abundant by about an order of magnitude in MM1b, and by factor of ∼2 in MM1a. Both the hot and warm components of methanol show an enhanced abundance about an order of magnitude higher in MM1b than in MM1a. The high abundance of methanol exists exclusively in the hot core, a relatively short phase of ∼10 5 yr in the very early phase of massive star formation (van der Tak 2003). The methanol abundance of ∼1 × 10 −5 in MM1b is about 1-2 orders of magnitude larger than in Orion KL or Sgr B2(M) (Comito et al. 2005; Nummerlin et al. 2000) .
SUMMARY
We observed the MM1 core of W75N using the SMA with ∼1 and 2 spatial resolutions at 217 and 347 GHz, respectively. A few tens of molecular lines are detected in the observed frequency coverage of 8 GHz. The MM1 core is resolved into two continuum sources, MM1a and MM1b, with a separation of about 1 . MM1a (∼0.6 M ) is located near the UC H ii regions VLA 2/VLA 3 and MM1b (∼1.4 M ) near VLA 1.
Our SMA observations of the various molecular lines show emission with differences at about 1 scales, which peaks largely at two positions, MM1a and MM1b. MM1a seems to be the location of the high-temperature (∼200 K) gas, probably heated by VLA 2 or VLA 3, as traced by sulfur-bearing species. The SiO molecule is unique in having an emission peak exactly at VLA 2, which may result from the spherical shock from this UC H ii region, as suggested by a circularly expanding ring of H 2 O masers in this region. On the other hand, methanol and heavy saturated species have peaks toward MM1b, where we identified a hot core with an offset by (−0. 6, 0. 1) from VLA 1, which could be the heating source of this hot core. We identified two expanding clumps, probably associated with MM1b, at velocities of ∼6 km s −1 and ∼11 km s −1 , as observed in H 2 CO. These clumps may result from the latest star formation of VLA 1.
The chemical differences between MM1a and MM1b may result from the evolution of the massive star-forming core. The hot core, characterized by the evaporation of dust ice-mantle species, appears in the very early phase of star formation, and then, as the ice-mantle component of dust grains is consumed via evaporation, the high-temperature gas species, such as the sulfur-bearing molecules, become bright.
The abundances of sulfur-bearing species are similar in MM1a and MM1b, but the methanol and saturated species show abundance enhancements toward MM1b, by about an order of magnitude compared to MM1a. Comparing the abundances with those of Orion KL and Sgr B2(M), the sulfur-bearing species seem to share similar properties in these star-forming regions, but hot core species have been found to have larger abundance by more than 1 order of magnitude toward MM1b.
